A two-phonon version of the relativistic quasiparticle time blocking approximation (RQTBA-2) represents a new class of many-body models for nuclear structure calculations based on the covariant energy density functional. As a fully consistent extension of the relativistic quasiparticle random phase approximation (RQRPA), the two-phonon RQTBA implies a fragmentation of nuclear states over two-quasiparticle and two-phonon configurations. This leads, in particular, to a splitting-out of the lowest 1 − state as a member of the two-phonon [2 + ⊗3 − ] quintuplet from the RQRPA pygmy dipole mode, thus establishing a physical mixing between these three modes.
exciting opportunities for microscopic nuclear structure models to describe the fine structure of the dipole spectra below the neutron threshold and to help in analyzing the experimental data.
Measurements of the low-lying dipole strength above and below the neutron threshold are performed with different nuclear reactions, which have reduced sensitivity in the area around the threshold. Therefore, a correct comparison of the calculated pygmy strength with the data is still problematic. The collectivity of the pygmy mode is another subject of discussions. Self-consistent relativistic QRPA calculations [11] produce a highly collective pygmy mode, in contrast to the results of the non-relativistic approaches [12, 13] . However, in Ref. [14] it is pointed out that the collectivity of the pygmy mode is restored within non-relativistic QRPA calculations with Skyrme forces when a fully self-consistent scheme is employed.
Since the pygmy dipole mode has essentially surface nature, it mixes with other surface modes, especially with low-lying ones. This supposition has been confirmed by explicit RQTBA calculations [15, 16] for tin and nickel isotopes and N=50 isotones. It has been found that the pygmy mode, arising in RQRPA as a single state or as very few low lying dipole states with isoscalar character, is strongly fragmented over many states in a broad energy region due to the coupling to phonons. As a result, some fraction of the strength is located well below the original position of the RQRPA pygmy mode. Compared to existing data, the RQTBA describes the total fraction of the dipole strength below the neutron threshold very reasonably [15, 16] . However, in order to account for the fine structure of the spectrum, more correlations should be included in the microscopic model. In particular, it has to reproduce the lowest dipole state in vibrational nuclei, which is identified as a member of the quintuplet 2
, as it was predicted in Refs. [17, 18] and observed in spectra of spherical nuclei [19, 20, 21, 22] .
In the present work, the two-phonon version of the quasiparticle time blocking approximation (QTBA) proposed in Ref. [23] is employed to introduce correlations between the two quasiparticles within the 2q⊗phonon configurations of the RQTBA. Therefore, a fragmentation of the nuclear states over the two-phonon configurations appears in the excitation spectra in addition to the spreading over the two-quasiparticle states. As well as in the conventional RQTBA, excitations in Fermi-systems with even particle number are described by the Bethe-Salpeter equation (BSE) containing both static and energy-dependent residual in- in the integral part of the BSE, the two-body propagation through states with a more complicated structure than 2q⊗phonon is blocked [23] .
In the present work we go a step further and consider a modified version of the RQTBA which includes additional correlations between two quasiparticles inside the 2q⊗phonon configurations. This version of the model has been proposed in Ref. [23] for the non-relativistic case. It has been noticed that the energy-dependent resonant part of the two-quasiparticle amplitude Φ(ω) can be factorized to extract the two-quasiparticle intermediate propagator with the frequency shifted by the phonon energy. In the relativistic RQTBA it takes the following form:
(ω − η Ω µ ) are the matrix elements of the two-quasiparticle propagator in the mean field with the frequency shifted forward or backward by the phonon energy Ω µ ,
and γ
are the quasiparticle-phonon coupling vertices defined in Ref. [15] . In the graphic 
and R η ν;k 1 k 2 are the matrix elements of the RQRPA transition densities defined in Ref. [15] and corresponding to grey circles together with two nucleonic lines in 2), since the parameters of the CEDF have been adjusted to experimental data for ground states and include therefore already essential phonon contributions to the ground state. Therefore, the BSE in the two-phonon model has the same form as Eq. (1), but contains the amplitudeΦ instead of Φ. In order to take the quasiparticle-phonon coupling into account in a consistent way, we have first calculated the vertices γ η of this coupling and the transition densities R η within the self-consistent RQRPA using the static residual interactionṼ , as described in Ref. [15] . On the next step the BSE for the correlated propagator R (e) (ω)
has been solved in the Dirac-Hartree-BCS basis. Then, the BSE for the full response function
has been solved in the momentum-channel representations. The details are given in Ref. [15] .
To describe the observed spectrum of a nucleus excited by a weak external field as, for instance, an electromagnetic field P , the microscopic strength function S(E) is computed as:
To illustrate the effect of the additional static correlations on spectra of nuclear excitations, we consider the dipole response of tin and nickel isotopes in the area below the giant dipole resonance (GDR). Fig. 2 
), are taken from Ref. [19] . Notice, however, that the measurements with the larger end point energies for the electron bremsstrahlung result in the larger B(E1) ↑ values: 16.3(0.9) and 11.2(1.1) for 116 Sn and 120 Sn, respectively [25, 27] .
A good agreement with the data is obtained in spite of the fact that these tiny structures at about 3 MeV originate by splitting-out from the very strong RQRPA pygmy states located at the neutron thresholds, that is described by the fully consistent inclusion of the two-phonon correlations without any adjustment procedures.
In the RQTBA-2 the position of the first 1 − state is basically determined by the sum of the energies of the lowest 2 + and 3 − phonons. From the Eq. (5) one can see that the amplitudē Φ(ω) consists of the pole terms with the poles at the energies which are sums of the two phonon energies. Therefore, the energy of the first 1 − state is approximately equal to the sum of the energies of the lowest 2 + and 3 − phonons with some small correction introduced by the static residual interactionṼ , in agreement with data [19] . This correction is given by the quantity R ω , whose deviation from unity characterizes the two-phonon anharmonicity, see Table I . For example, in 120 Sn the energies of the 2 The electric dipole strengths in neutron rich 68, 70, 72 Ni isotopes are displayed in Fig. 3 .
For all three isotopes we found a redistribution of the low-lying strength as compared to the RQTBA calculations of Ref. [16] . The calculated strength distribution in 
